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Abstract 
Innovations relevant to the poor are located in social systems that are typically discriminatory, and in 
natural systems that are often degrading. Innovation processes that are not evaluated from these 
perspectives run the risk of being anti-poor, gender-discriminatory, inequitable and environmentally 
destructive. The innovation of market-oriented smallholder dairying is a proven pathway out of poverty; 
yet milk and dairy products are important causes of food-borne disease, and dairying can damage the 
environment. We used an ecohealth conceptual framework to understand and mitigate potential adverse 
effects of dairying. Information was gathered through key informant interviews, review of grey and 
published literature and re-analysis of previous studies. We found smallholder dairying could present 
health risks but these were manageable; minorities and economic migrants stood to benefit from dairying 
but women and members of scheduled castes risked being excluded; almost uniquely, cattle-ownership is 
not higher among the rich, so the poor may benefit. Pollution was the major environmental risk; the 
project was considered to have no impact on climate change or genetic resources and largely positive 
impacts on soil erosion and deforestation. Based on the findings, we developed strategies to maximise 
positive effects and mitigate unwanted effects of supporting traditional dairy. 
 
 
Introduction 
Innovations relevant to the poor are located in social systems that are typically discriminatory, and in 
natural systems that are often degrading. As a result, innovation processes that are not evaluated from 
these perspectives risk being anti-poor, gender-discriminatory, inequitable and environmentally 
destructive. This paper looks at smallholder dairying which has been identified as one of the most 
promising avenues for agricultural development. As urbanisation and incomes increase, demand is 
increasing for milk and value-added milk products. The White Revolution in India and more recent work 
on small-holder dairying in East Africa have amply demonstrated the potential of this innovation as a 
pathway out of poverty (SDP, 2004). 
 
Several studies in Assam in North East India had identified the potential for traditional smallholder 
dairying (ILRI, 2007). Our studies showed consumers prefer local, fresh milk over pasteurised milk, and 
also found costs of production are relatively low. Yet a large proportion (nearly one third) of dairy products 
are imported; this  demand-supply gap implies that increasing the capacity of farmers, and traders to 
supply quality fresh milk has a high priority and probability of success. At the same time, our reviews 
found that the formal, non-traditional, sector was performing much worse than the traditional sector. In 
fact, the 7 chilling plants in the formal sector operate only at 3-34% capacity and require subsidisation 
from the government, while the informal sector accounts for 97% of milk marketed in Assam, reflecting 
the much greater efficiencies and attractiveness of the informal sector. Moreover both production and 
productivity of milk are low by national standards; this high yield gap suggests the potential gains by 
intensifying dairy production. 
 
However, intensive dairying also presents risks. Recent years have seen growing concerns over social, 
health and environmental impacts of intensified livestock production. According to a recent study, 
(Steinfeld et al., 2006), livestock are major contributors to greenhouse gases (responsible for 18% of the 
total) and intensive livestock production is often criticised for causing pollution, using feed and water 
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which could otherwise go for human use, and reducing biodiversity by replacing indigenous breeds with 
high-producing exotics. Livestock are also an important source of human disease; the majority of 
episodes of food-poisoning, the most common illness on the planet, are associated with animal-source 
feeds and many important pathogens are transmitted through milk and dairy products. Finally, agricultural 
intensification has been associated with increased inequity as participation of women and the poor tends 
to decrease in more highly-capitalised, market-oriented and high input systems. 
 
In 2008, the International Livestock Research Institute and their partners in Assam proposed an 
innovation-systems project aimed at promoting the traditional dairy sector in Assam. As part of the project 
development process we carried out an ex ante assessment of potential impacts on social exclusion and 
developed recommendations on mitigating these. 
 
We used an ecohealth framework to carry out the assessment, and this is the first reported application of 
ecohealth to smallholder dairying. Ecohealth is an emerging and innovation-system compatible approach 
to promoting human, animal and ecosystem health. It starts with the principle that human, livestock, 
wildlife, and environmental health are integrally related, and development practitioners and policymakers 
should “take advantage” of these relationships to achieve sustainable development goals. It is based on 
three methodological pillars: transdisciplinarity, participation, and equity. 
• Transdisciplinarity implies an inclusive vision of ecosystem- related health problems through the 
participation of scientists, community and policy actors. 
• Participation aims to achieve consensus and cooperation within the community and the scientific and 
decision-making groups. 
• Equity involves analyzing the respective roles of men and women, and of various social groups 
(Forget & Lebel, 2001). 
Other key ecohealth concepts are that a healthy ecosystem is necessary for human health and that public 
health can often be most effectively supported through interventions based on the ecosystem, including 
farming system. 
 
Materials and Methods 
The scoping study was started in late 2007 and finished in early 2008. It began with a review of published 
and grey literature including unpublished theses, government documents, and media reports. Key 
informant interviews using semi-structured guides were held with key local informants (n=8) having 
expertise in medicine, environmental studies, microbiology, anthropology, minorities and excluded 
groups. A large scale survey carried out by ILRI from 2005-2006 was re-analysed using an ecohealth lens 
(ILRI, 2007). This comprised Participatory Risk Assessments (PRA) in 9 districts, a questionnaire survey 
of farmers (n=3,000), traders (n =600) and consumers (n=1,500); a cross-sectional survey of milk safety 
and quality (n= 345); and a pathway analysis in which milk value chains were studied from farm to fork 
(71 actors and 89 milk samples). 
 
For the assessment of potential health impacts, the cross-sectional survey of milk provided information on 
the total bacteria present in milk as well as the presence of coliform bacteria, which are an indicator of 
faecal contamination and hence of the presence of disease causing organisms (as a majority of these are 
transmitted through the faecal-oral route). The pathway survey included direct observation of the hygiene 
practices of actors as well as milk quality and bacterial counts at different steps and contributed to 
identifying strategies to improve milk safety. Key informant interviews provided information on the 
relevance of specific milk-borne diseases. 
 
For the social exclusion assessment, a local Non Governmental Organisation (NGO) identified socially 
excluded groups in Assam and then estimated the level of exclusion, the mechanism of exclusion and 
whether there was official recognition of the group. Social exclusion was defined as a process by which 
certain groups are systematically disadvantaged because they are discriminated against on the basis of 
their ethnicity, race, religion, sexual orientation, caste, descent, gender, age, disability, HIV status, 
migrant status or where they live (DFID, 2005). We thenconsidered the probable benefits to socially 
excluded groups (SEGs) from the project and whether they were over or under-represented in 
beneficiaries. Finally, we identified strategies for improving social inclusion. 
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For the environmental impact assessment, we identified the issues of most concern in Assam and 
considered the likely impact of the project on these, both positive and negative. Where there were 
possible negative impacts we identified mitigation strategies. We also looked at what were the risks to the 
project associated with ongoing or anticipated environmental change. 
 
Results 
 
Health impacts and mitigation 
The cross-sectional study showed that most raw milk in the informal sector was unsafe: A majority of 
samples had unacceptable bacterial levels and added water. The presence of coliforms was 
unacceptable in 80% of raw milk samples, 68% of pasteurised milk samples and less than 1% of ultra-
heat treated milk imported from outside the state (see table 1).  
 
Table 1 Median physical and bacteriological quality parameters for raw and pasteurised milk in Assam 
Type of milk Added water (%) Total bacteria (log) Total coliforms (log) 
Ultra heat treated  milk 6.0 3.5 0.0 
Pasteurised (formal sector) 4.0 5.5 3.5 
Raw (informal sector) 20.5 6.1 4.1 
 
An objective of the project was to increase consumption of local milk produced by smallholders most of 
which (97%) goes through informal chains.  Given the fact that informal (locally-produced) milk is less 
safe than formal (processed) or imported milk, if smallholder dairying was promoted without concomitant 
improvements in milk safety then the project could have negative human health externalities.  
 
The pathway analysis showed that most faecal contamination occurred at the last step in the chain e.g. 
between the last vendor and the consumer. Identification of this ‘critical control point’ allows targeted 
intervention of hygiene and safety interventions. The hygiene assessment showed milk-handling practice 
was also poor. In Figure 1, a score of 100 means that all hygienic practices considered necessary are 
being followed. The average score was only 53%, indicating a large short-fall from minimum standards 
and as shown in Figure 1, hygiene was worst at farm and trader level. 
 
Figure 1 Mean scores of different actors (n=75) in a study of dairy hygiene in Assam 
 
 
 
 
 
 
 
 
 
 
 
  
 
The key informant study suggested that lack of information on which milk-borne diseases were present in 
Assam was a key constraint. From the check-list of 25 milk-borne pathogens which literature suggested 
were probably present in Assam; respondents considered 6 were common, 5 occasional or rare. 
However, for 14 pathogens (including those responsible for serious and common diseases such as 
brucellosis, listeriosis and campylobacteriosis) medical experts had no information on presence or 
absence, and had never diagnosed them or looked for them. As these diseases are relatively common, 
this worrying finding suggests there may be many cases of human disease going undiagnosed.  
Moreover, because different diseases are managed in different ways, if we don’t know what diseases are 
present, disease control is less effective (e.g. if Brucella organisms are present then boiling is effective at 
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eliminating them, but boiling will not eliminate diseases cause by toxins from Staphylococcus aureus  or 
Bacillus cereus). 
 
The possibility of traditional milk resulting in human disease is the major reason why government officials 
are opposed to informal sale of raw milk and the central innovation in the project was a new way of 
engaging with the informal sector that safeguards both health and livelihoods. The conventional response 
to a large informal sector with unsatisfactory health and quality standards (as we found to be the case in 
Assam) is to attempt to ‘regulate it out of existence’ through inspection and punishment of non-
compliance. This approach has been successful in rich countries but is, we believe, inappropriate for poor 
countries. Firstly, it is ineffective, as mentioned earlier the vast majority of food produced and consumed 
in poor countries goes through informal channels. Secondly, it causes increased transaction costs on the 
enormous numbers of poor people who rely on the informal sector and who have to pay bribes or 
otherwise avoid rules.  
 
The project proposed the novel approach of working with the informal sector in order to improve quality 
and safety. We had pioneered this innovation in East Africa and demonstrated that by providing training 
and certification to milk vendors, not only did the safety and quality of their products improve but so did 
their markets and incomes (Omore et al., 2005). Based on this and other work we identified the following 
key innovations for sustainable improvements to the traditional dairy sector: 
1. Engagement with policy processes through generation of evidence on the benefits of the informal 
sector, the inadequacies of current approaches, and the existence of successful strategies for 
minimising health and other externalities.  
2. Evidence-based interventions in which we first understand which practices are most important in 
increasing or decreasing milk safety and secondly develop a training and certification course 
specifically targeting the problems and good and bad practices  
3. Incentives to ensure sustainability of training and certification. For example, by linking training to 
certification transaction costs are lowered (through less harassment and ‘unofficial payments) and by 
linking and training to branding demand for milk from certified producers is increased 
4. Social marketing to increase consumer demand for and confidence in milk quality and safety of milk 
produced in the traditional sector 
Box 1 gives concrete examples of how these concepts have proved successful in Assam and elsewhere: 
 
Box 1: Innovations for improving milk safety and quality in the informal sector 
 
Example 1: Generating evidence for dairy decision makers 
A study on peri-urban dairying in Kampala, Uganda found that farmers typically used 13 practices that 
improved milk safety and reduced risk to consumers. Linear regression analysis found that farmers 
harassed by authorities used 2 fewer strategies and those who (incorrectly) believed urban farming was 
legal used 2 more strategies. This demonstrates how making informal milk production illegal paradoxically 
increases risk to consumers (Grace et al., 2008).  
However, other work in East Africa showed that evidence is not enough. Additional key factors in shifting 
policy change in a pro-poor dairy were a) stimulating the interest of NGOs and producers associations 
who then took up an advocacy role; b) practical demonstration of how training could improve the safety 
and quality of informal sector milk; c) understanding of the policy context and engaging with actors who 
had self-interest in espousing the cause of small-scale producers and vendors; d) empowering farmers 
and traders to speak on behalf of their colleagues directly to decision-makers and e) support from donors 
(Leksmono et al., 2006). 
 
Example 2: Basing interventions on evidence 
Pathway analysis is a component of risk assessment in which a product is followed from production to 
consumption (or farm to fork) and the levels of pathogens and other risk factors monitored at each step.  
Our studies in Assam showed that most contamination occurs at the step between last vendor and 
consumer: this is the critical control point for improving milk safety, and targeting interventions at this 
point in the value chain will have the greatest impact on ensuring milk is safe. The diagram following 
shows how total bacteria (T), faecal bacteria (C) and added water (W) increase on the path from cow to 
consumer (HH) while fat content (F) and solids not fat (S) decrease (ILRI, 2007). 
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Example 3: Linking training and certification to incentives 
 
In Kenya, training in hygienic milk handling and introduction of metal cans for transporting milk rather than 
the plastic jerry cans commonly used, reduced the proportion of unacceptable milk samples by 40%. Milk 
vendors were willing to contribute to the cost of training and certification because this allowed them to avoid 
having to pay bribes to officials and having their milk and cans confiscated.  
On average, vendors reported that before they were trained and licensed, they were harassed regulators 
about four times a month. After the training and certification scheme became operational, vendors reported 
that they no longer experienced problems and demand for milk increased. Benefits to the Kenyan economy 
under a number of different scenarios were estimated at millions of dollars (Kaitibie et al., 2008). 
 
 
Social impacts and mitigation 
The scoping study carried out by local partners identified 11 categories of socially excluded groups, using 
a typology which was most meaningful given their understanding of the context. Key informant interview 
indicated that women and migrants were the most vulnerable group, followed by the poor and those living 
in flood-prone areas; the least vulnerable were the Scheduled Castes, Scheduled Tribes and Other 
Backward Classes. Five other SEGs were excluded from analysis as the expert assessors considered 
dairying was of little direct relevance to them (the aged, children under five, orphans, people living with 
HIV/AIDS, and disabled people); however, dairying could provide indirect benefits in terms of nutrition or 
household income. Table 2 gives a brief explanation of the SEGs that were retained for further analysis 
as well as why they may, or have been, excluded from dairy projects 
 
Table 2, A typology of vulnerable (socially excluded) groups in Assam developed by local stakeholders 
Group  Explanation 
Women Women are economically and socially disadvantaged and they are generally not 
made a part of decision making process especially as regards use of fund and 
marketing of milk. Also, they are less involved in outdoor activities. 
Migrants There are three main groups: migrants from Bangladesh, migrants from Nepal 
and migrants from Bihar and other parts of India. Migrants suffer from serious 
discrimination in respect of access to credit and insurance services for dairying 
as well as access to public services. 
Poor  Very poor people are generally excluded from the list of beneficiaries for 
dairying on the ground of not having sufficient land and financial resources. 
Char-dwellers Chars are low-lying areas prone to flooding and therefore govt. and other 
agencies are reluctant to implement any dairy development programme in char 
areas. 
Scheduled Castes 
(SC) 
These are groups (hereditary) which have historically had a lower status under 
Hindu caste system. There are sixteen (16) in Assam. Kaibartta (31.8 per cent 
of SC) and Namasudra (30.4 per cent of SC) are the two major SC. SC 
community generally are not involved in commercial milk production (i.e. 
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dairying with improved cattle), milk trading or cottage processing. 
Scheduled tribes 
(ST) 
Indigenous tribal populations are entitled to much of the same compensatory 
treatment as scheduled castes. There are 14 officially recognized groups of hills 
scheduled tribes and 11 of plains scheduled tribes. ST people generally do not 
involve in commercial milk production (with improved cattle), milk trading and 
cottage processing. 
Other backward 
classes (OBC) 
These are notified by the state or central government as socially or 
educationally disadvantaged. There are 30 groups of Backward Classes and 91 
groups of More Backward Classes (i.e. extremely backward classes). OBC 
people generally do not involve in commercial milk production (with improved 
cattle), milk trading and cottage processing. 
 
These SEGs are obviously overlapping; for example, char-dwellers are mainly migrants and women will 
obviously included in most groups (although their proportion is lower among migrant and char dwellers). 
Moreover, SEGs are heterogeneous and mechanisms as well as level of exclusion will vary within groups, 
for example women in certain ethnic groups are involved in milk trading.  
 
With the exception of migrants, all groups have official recognition and representation. Interestingly, the 
experts consulted in this rapid assessment considered that social exclusion was less pronounced in 
Assam than in other parts of India. The status of women is relatively high, and the institution of 
‘untouchability’ was less pronounced. However, communal unrest is higher in Assam than elsewhere in 
the sub-continent. It has proven a recalcitrant problem: the region has been racked by separatist and 
tribal insurgencies for more than 50 years. Assam is home to more than 30 major tribes and feuds 
between militias claiming to represent them over conflicting homeland demands are fairly common.               
 
The scoping study considered women to be an important SEG. In Assam, as generally in India, women 
have an important role in dairying. In most families women are in charge of indoor tasks such as care of 
animals feeding, cleaning of animal sheds, milking, processing milk and livestock products while 
management of male animals and fodder production are typically the prerogative of men. But though 
women play a significant role in livestock management and production, women's control over livestock 
and its products is negligible. Only 2 out of 590 milk traders surveyed were women and most cottage 
processors and sweet-makers are men. Exceptions exist as an example from the PRA shows: 
 
“Ms. Kabita Deka is the daughter of the biggest buffalo yoghurt maker in Ramdiya and is in 
charge of the yoghurt and cream making. Everyday she produces 100 litres of yoghurt and very 
small quantity of cream. She is also in charge of the management of the business. Although of 
marriageable age, she is not married”.   
“Mrs. Damyantri Devi (50-year-old) was facing crisis of livelihood after her husband, a fourth 
grade employee, passed away 10 years ago. She had to look after her two girl children alone. 
She lives in Farm gate, Khanapara, Guwahati and belongs to the Nepali speaking Hindu 
community.  It was very difficult for Damyantri Devi to run her family living in a rented house with 
no source of income.  Her situation improved when one of her relatives donated cows 8 years 
back, which become her only asset for livelihood.  Now, she has 6 cows producing 25 – 30 litres 
of milk daily, which she sells door-to-door at INR18.00 (0.35 USD) per litre.  She was able to send 
both her children to school and is now planning the marriage of one of her daughters”. 
 
Our studies found women are less involved in large scale dairy production system, so in relative terms, 
smallholder dairy production systems are much more ‘women-friendly’. 
 
Nepalis (mainly migrants from Nepal) have a tradition of dairying (many of the early migrants were 
employed as dairy workers). In the farmer survey 92% of Nepali households kept cattle as opposed to 
79% of Assamese households. The PRA survey found that activities along the value chain typically 
showed differential involvement by ethnic group. For example, in Guwahti, the main milk shed, most of 
the producers are Nepali and Biharis, the traders are mainly Nepalis with some Biharis, the sweet-making 
factories are run by Biharis and Guajaratis while the sweet-shops by Assamese. Among consumers, 
Bengali and Nepali households were less likely to purchase milk than Assamese. Figure 2 shows a map 
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developed during the PRA which shows the ethnic distribution of major peri-urban milk distributions points 
in Kamrup; this shows the importance of Nepalis and Biharis in commercial dairying for urban markets. 
 
Figure 2 Major peri-urban milk production points in Kamrup district 
 
 
 
 
 
 
 
 
 
Development interventions focusing on cattle are often criticised for being anti-poor as often cattle are 
owned by the better-off while sheep, goats, pigs and poultry by the poorer. In Assam, about 36% people 
fall below poverty line (2001 estimates, Govt. of India).Our initial studies found 84% of the rural 
households kept cattle, with no difference between rich and poor, suggesting dairy intervention as 
accessible to poor people. However, although 87% of locally-produced milk originates from the informal 
sector, only 35% of farm households currently sell milk. 
 
Char dwellers are a SEG unique to riverine ecosystems. In Assam, they are predominantly Bangladeshi, 
Nepali and Biharis. They keep buffalo and cows in the grazing-lands found in the extensive and sparsely 
inhabited river islands, animals are not housed and only salt is provided.  
 
Scheduled castes have low involvement in dairying but for some scheduled tribes involvement is high. 
For example in the North Cachar hills Bietys rear cows both for milk and meat. Dimasas rear buffaloes for 
consumption of meat and future livestock, milk being only a by-product of the system. 
 
The benefits from development projects are often captured by the elites in communities and an important 
question for the donors was whether the project would be pro-SEG, SEG-neutral or anti-SEG. To help 
answer this, we looked at the different client groups targeted by the project and the representation of 
SEGs in each category (table 3). Comparing the proportion of different SEGs involved in each client 
group to their proportion in the population of Assam showed that, on the whole, SEGs were equally or 
over-represented in each target group and as such the stood to benefit from informal dairy sector 
interventions.  
 
Table 3 Involvement of socially excluded groups in different aspects of dairying relative to their overall 
proportion in the population. 
  Migrants 
 
Char 
dwellers 
SC /ST Backward  
Classes 
Women 
Reference group: General population 15-25% 6-10% 19% 32-65% 46% 
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High potential small dairies  50% 2% 5 % 70% 50% 
Informal sector milk traders  80% 10% 1% 70%      1% 
Small scale milk processors  70% 2% 2% 70% 1% 
Formal sector milk 
processors  
0% 0% 0% 0% 0% 
 
 
Project 
target or 
client 
groups 
Consumers  20% 10% 14% 65% 90% 
 
 
Having identified SEGs and explored how the project might impact on different groups, the scoping study 
identified the following general mechanisms for inclusion of socially excluded groups: 
• Disaggregation of data by gender, wealth, location and identity (e.g. ethnicity, caste) 
• Building capacity of partner agencies to understand social exclusion and effectively work with SEGs 
• Monitoring participation of SEG members in activities 
• Considering SEG needs and constraints in adaptation of knowledge outputs (e.g. translation into other 
languages, use of pictorial guides where literacy is low). 
• Including SEG in pre-testing of materials and social marketing messages 
• Using different pathways where institutional access is constrained. Table 4 shows constraints by SEG 
and as such suggests which extension pathways will be most useful for each SEG. 
• Engaging with associations and groups who represent and work with SEGs - 25 of these have been 
identified by the scoping study 
 
Table 4 Constraints to institutional access by different vulnerable groups 
 Government  Private sector Radio Written material 
Women Yes Somewhat No Yes 
Migrants  No No Yes Yes 
Char dwellers Yes Yes No Yes 
Scheduled Caste Yes Yes No No 
Scheduled Tribes Yes Yes No No 
Backward classes  Yes Yes No No 
 
Given the important role of women in care of cattle and milking, and the primary role of women in making 
household decisions on the holding, handling and consumption of milk and dairy products, we considered 
their involvement to be crucial. The project is still at initial data collection stage, and the strategies for 
inclusion have not yet been fully elaborated (as they depend to some extent on inputs from initial data 
collection). However, some general principles are being followed, including: 
• Adapt programmes to women's needs and skills  
• Allow sufficient time to enable women to acquire new skills and adjust schedules to fit women's existing 
workloads.  
• Emphasize activities for which there is an actual income-generation potential.  
• Ensure the involvement and full participation of women from poorer and less educated backgrounds in 
the whole process.  
• Use trainers who are not only technically competent and up-to-date, but who empathize with the needs 
and aspirations of rural women.   
• Build awareness on gender issues and their rights. Ensure participation of women in training 
programmes related to milk vendors, sweet makers, cottage processors where involvement of women 
in very less or negligible. 
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• Create linkages with bank, financial institution, insurance companies etc. for credit/ insurance where, at 
least, 50% beneficiaries are targeted from women folk. 
• Provide practical field experience in the use of innovations. 
 
More specifically, we are conducting a training needs analysis with an all-women focus group. This will 
look at their preferences for training materials in terms of content, media, literacy level and language as 
well as their preferences for training (e.g. part-time as opposed to residential, or in all-women rather than 
male groups). 
 
Another promising strategy is that of working with or through women’s groups. Although traditionally 
women in Assam are not responsible for selling milk, the scoping study found some successful examples 
of all-women dairy groups, and we will explore how this concept can be built on. Group extension 
increases women's access because the group context calms the fears of male extension agents, 
husbands, and women about transgressing norms of approved social contact. The production and 
processing of herbs, medicinal plants, or perfume plants, for example provide examples from India of 
information and training linkages between women's groups and the agro-industry. The development of 
women-only cooperatives in the Dairy Development Movement in south India is a notable case (Jamal, 
1994). Other agencies have demonstrated innovative group approaches to overcoming women's illiteracy, 
which is a barrier to effective mass communication through written materials, and a restraint on women's 
ability to demand appropriate services. The rural wing of SEWA (the Self-Employed Women's 
Association, based in Ahmedabad, India), for example, has pioneered the use of video as tools for 
mobilizing and communicating their experiences with women in neighboring villages. Similar to SEWA, 
Assam project also intends to build the capacity/ awareness of women and others through using 
documentary, film, printed materials etc. 
 
 
Environmental impacts, threats and mitigation 
We identified and assessed 9 potential environmental impacts: climate change, water pollution, soil 
pollution, excessive use of water resources, deforestation, soil erosion, soil degradation, overuse of 
inputs, and lack of biodiversity. The following two examples illustrate our approach and conclusions. 
 
Impact 1: Climate Change 
Methane (a green house gas) and carbon dioxide emission by dairy cattle is directly linked with climate 
change; as mentioned previously, studies have suggested that livestock may be responsible for 18% of 
climate change emissions. . Key informant interviews as well as literature review suggested climate 
change is already impacting Assam. Major floods and land-slides experienced in recent years have been 
attributed to degradation of grazing land and feed resources along with ground-warming in Tibet. 
Evidence for change in rainfall pattern is conflicting – some studies suggest more heavy rainfall while 
others suggest hill areas are becoming dryer. 
The scoping study considered that the dairy sector project would not have a significant impact on 
greenhouse gas emission as it aims to increase productivity rather than cattle numbers. Indeed some 
experts argued that animal energy use in agriculture (most cultivation is still carried out using animal 
traction) as observed in the state leads to fossil-fuel saving and thus can also be linked positively with 
mitigating climate change. 
We also explored whether climate change represented a risk to the project. Experts suggested global 
warming could lead to heat stress, emerging disease, changes in availability of feed and fodder, and 
more extreme weather events. On the other hand, cattle are suitable assets in disaster-prone areas 
because they are easier to move than crops or infrastructure.  
In conclusion, our ecohealth based ex-ante assessment suggested there was no need to develop specific 
strategies for mitigating or adapting to climate change. 
 
Impacts 2 and 3: Water and Ground Pollution 
On the other hand, the initial studies suggested pollution from dairy wastes was a potential problem (see 
Figure 3) and specific strategies for mitigation were required.  
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Figure 3 Waste from dairy farm contaminating stream in Assam 
 
These strategies will be based around the many non-polluting uses of animal wastes. The scoping study 
found manure was widely used as an agricultural input which can substitute for chemical fertilisers and 
improve soil quality; it was also used as cooking fuel, as building material and for flooring and plastering. 
Cow urine is a fertiliser, a source of urea for improving the nutritional quality of straws. Moreover, diluted 
cow urine is drunk for medicinal effect and cow urine and cow dung are used in some Ayurvedic 
preparations. The ongoing baseline study will generate information on the constraints to non-polluting 
uses of animal wastes and the training course will include skills on processing and marketing cattle waste 
products.  
 
Discussion 
Although the informal dairy sector in Assam supplies 97% of the demand for locally produced milk, is a 
major employer, provides an important source of high value animal protein and micro-nutrients, and is a 
potential engine of economic growth, it has been historically greeted with much suspicion and little 
support. An important reason for this is the concerns over the safety and quality of informal sector milk.  
Our studies showed that, indeed, most informally produced milk is adulterated with water and has 
unacceptable levels of bacterial contamination. On the other hand, formal sector milk was equally 
objectionable on safety and quality grounds. This does not negate the fact that there is a real danger to 
human health from smallholder milk marketed in Assam. The project proposes a new way of dealing with 
the human health problems associated with the informal milk sector; namely, training and certification of 
producers and vendors. Evidence from our work in East Africa suggests this can be an easy, cheap and 
effective way of improving milk safety while safeguarding the livelihoods of those involved in the informal 
sector. Key related innovations are: hazard identification to understand what pathogens are present in 
milk; risk-based targeting to tackle first the practices that cause most problems; improving milk handling 
and hygiene through training; linking training with certification and branding in order to provide an 
incentive for participation; building knowledge of and demand for milk safety among consumers; and 
improving capacity of medical and veterinary personnel to diagnose and treat food safety. 
 
The other major negative externality of the proposed dairy project was negative impact on socially 
excluded groups. The social organisation of Indian agricultural enterprises privileges groups differentiable 
by caste, gender, wealth and social status and dairy is no exception. However, our social and gender 
analysis was reasonably positive. On the whole, vulnerable groups tend to have a higher involvement in 
dairying than the general population and this is especially true for the most vulnerable groups (women 
and migrants). However, mechanisms are needed to ensure that these groups can participate in the 
project and we have set out some of the most important ones. It is commonly found that only a small, 
better off, minority of community members keep cattle while the poor are restricted to lower value 
livestock such as sheep, goats and poultry. Hence, it was an encouraging and important finding that in 
Assam cattle-owners made up 84% of the rural households and there was no difference between rich and 
poor. As such, cattle-based interventions cannot be considered as de facto inequitable. 
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An integral part of the ecohealth framework we proposed for ex ante assessment is the assessment of 
environmental impacts. The innovations of poor farmers are often driven by push factors and ecosystem 
degradation driven by climate change, demography and land use are of key importance in Assam. 
However, our analysis suggested the environmental impacts of intensifying dairying in the context of a 
small-holder focused, informal-market oriented project were relatively minor and manageable. 
 
 
Conclusion 
Smallholder dairy development need not come at the cost of unsafe dairy products, risks to human 
health, exclusion of the poor, women and other vulnerable groups or degradation of the environment. 
Rigorous, participatory assessment and proactive development of mitigation strategies can help minimise 
the negative, and maximise the positive, externalities of smallholder dairying. The ecohealth approach, 
which integrates human health, ecosystem health and socio-economic impacts, is a promising framework 
for assessing positive and negative impacts of rural development projects and for developing strategies to 
mitigate the latter and enhance the former. 
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